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[57] ABSTRACT 
An environmental scanning electron microscope which 
achieves image resolution comparable to that of a con- 
ventional SEM. A biased ring electrode which detects 
secondary electron signals emanating from the surface 
of the specimen is provided in the specimen chamber A 
biased pressure limiting aperture electron detector is 
also provided to reduce signals emanating from back- 
scattered electrons and to reduce signal no.se 
by the electron beam. This environmental SEM also 
optimizes the signal amplification of the secondary elec- 
trons following detection thereof, such that the detector 
noise is reduced below the noise in the signal ittelf, 
while still maintaining an overall bandwidth that is 
suitable for setting up the image. An °P tlcal t ^ n ^ 
svstem is also provided in this environmental SEM 
which allows the user to easily switch between the 
normal environmental SEM electron image (limited . to 
0.5 mm in diameter) to an optical light view of 'he 
sample that covers a f.eld-of-view of up to about 7 to 10 
mm Moreover, the construction of I J» «?— ^ 
SEM provides for a take-off angle for the X-ray detec 
tors (EDX detectors) which is comparable to the take- 
off angle in for an EDX detector in a conventional 
SEM Additionally, the arrangement of the scanning 
coils and magnetic focusing lens in this environmental 
SEM provides for an enhanced Field-of-view of the 
specimen. 


68 Claims, 13 Drawing Sheets 
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ENVIRONMENTAL SCANNING ELECTRON 
MICROSCOPE 

RELATED APPLICATIONS 
This application is a continuation-in-part of applica- 
tion Ser. No. 08/100,545, filed Jul. 30, 1993, now U.S. 
Pat. No. 5,362,964. 

BACKGROUND OF THE INVENTION 
This invention relates to the field of environmental 
scanning electron microscopes, and more particularly, 
to an environmental scanning electron microscope 
which achieves standard SEN resolution performance 
in a gaseous environment. 

As background, the advantages of an environmental 
scanning electron microscope over standard scanning 
electron microscopes (SEN) lie in its ability to produce 
high-resolution electron images of moist or non-con 


10 


15 


limited field-of-view makes it difficult for the operator 
to know where he or she is on the sample and the loca- 
tion of the desired area of examination. 

It is therefore desirable to provide an environmental 
scanning electron microscope having an optical win- 
dow system which allows the operator to switch be- 
tween the normal environmental scanning electron mi- 
croscope electron image (limited to approximately 0.5 
millimeters in diameter) to an optical light view of the 
sample that covers a field-of-view of about 7 to 10 mm 
which is comparable with typical field-of-view capabili- 
ties of an SEM. 

U.S. Pat. No, 4,897,545 describes a more complex 
detector arrangement than that disclosed in U.S. Pat. 
No. 4,824,006 which allows for the detection of other 
signals (i.e., backscattered electrons) in the gas, utilizing 
a set of differently biased electrodes. U.S. Pat. No. 
4,897,545 discusses that various electrodes can be used 
to collect different signals from the specimen chamber, 


high-resolution electron images oi moisi or non-con- xo coueci oiucrcm wgiioia uuu, ^ a j, W w»*w 

ductive specimen (e.g., biological materials, plastics, 20 but fails to discuss how the signal from one electrode 
• _ i-i \ ...u:_i « >v»« ma in «4iffir.nit tn imocTp u* u«. nn+imi-M/-! v»v q cnitahlp hiaj? on another elec- 


25 


ceramics, fibers) which are extremely difficult to image 
in the usual vacuum environment of the SEN. The 
environmental scanning electron microscope allows the 
specimen to be maintained in its "natural" state without 
subjecting it to the distortions caused by drying, freez- 
ing, or vacuum coating normally required for high- 
vacuum electron beam observation. Also, the relatively 
high gas pressure easily tolerated in the environmental 
scanning electron microscope specimen chamber acts 
effectively to dissipate the surface charge that would 30 
normally build up on a non-conductive specimen, 
blocking high quality image acquisition. The environ- 
mental scanning electron microscope also permits di- 
rect, real-time observation of liquid transport, chemical 


might be optimized by a suitable bias on another elec- 
trode. In addition, in U.S. Pat. No. 4,897,545, there is no 
mention of the concept of using an electrode as a collec- 
tor of unwanted signals or using an electrode to reduce 
signal noise produced by the primary beam. It would 
therefore be desirable to provide an environmental 
SEM which improves secondary electron detection by 
reducing the backscattered electron component of the 
signal and the signal noise produced by the primary 
beam. 

In comparison to the environmental SEMs of U.S. 
Pat. Nos. 4,824,006 and 4,897,545, it has also been found 
desirable to provide an environmental SEM which opti- 


rect, real-time observation of liquid transport, chemical mizcs . ^ amputation following detection of the 
reaction, solution, hydration, crystallization, and other 35 desired sccondary electrons such that the detector noise 


processes occurring at relatively high vapor pressures 
far above those can be permitted in the normal SEM 
specimen chamber. 

As stated in U.S. Pat. No. 4,992,662, the original 
concept of an environmental scanning electron micro- 40 
scope, as suggested in U.S. Pat. No. 4,596,928, was to 
maintain the specimen chamber in a gaseous environ- 
ment such that the gaseous environment acted as a con- 
ditioning medium in order ^ maintain the sr^cimen in a — — — - io"w geometric distortion of the image 
liquid or natural state. In addition, the utilization of the 45 witn a i . y g 

gaseous environment of the specimen chamber as a ^^KtoJ (20 micrometer) source of elec- 
medium for arnpimcauon of r the second electron ^ £ Magnified to the small size re- 

^£ES^^Sl PaS 4,824,006, quired to image ™S 
electron beam observation of unprepared, full-sized 50 magnification is typically produced ^*r^ftr™ 


desired secondary electrons such that the detector noise 
is reduced below the noise in the signal itself, while still 
maintaining an overall signal bandwidth that is suitable 
for setting up the image. 

Most modern SEMs utilize a method to enable an 
electron beam to be scanned over the sample in order to 
construct an image of the sample, or to collect other 
information from the sample, such as X-ray data. These 
methods allow a large part of the sample to be scanned 


specimens at high vacuum pressures was made possible 
due to the combination of pressure control and signal 
detection means, housed entirely within the magnetic 
objective lens of the electron beam column. The envi- 
ronmental SEM design of U.S. Pat. No. 4,823,006 satis- 55 
fied the simultaneous requirements for pressure control, 
electron beam focusing, and signal amplification, while 
providing no practical limitations on specimen handling 
or microscopic resolving power. 

A limitation of the environmental SEM of U.S. Pat. 
No. 4,824,006, however, is that the field-of-view of the 
sample is limited by the final pressure limiting aperture. 
The pressure limiting aperture is necessary to prevent 
the gas from the specimen chamber affecting the opera 


60 


lenses in the optical vacuum column. Only a small pro- 
portion of the electrons reach the sample as the final 
beam is conveniently referred to as a "pencil beam" (see 
reference numeral 2 in FIG. 1)- 

As is shown in FIG. 2, in order to scan the primary 
beam along the length of the vacuum column, scanning 
coils, such as 3 and 4, are positioned in the objective lens 
assembly 5. If a current is passed through the two sets of 
scanning coils 3 and 4, the pencil beam will be deflected 
as shown in FIG. 2. 

In the previous environmental SEM of FIG. 3, two 
pressure limiting apertures 6 and 7 allow high pressure 
in the specimen chamber 8 (e.g., approximately 5 Torr) 
while maintaining a high vacuum (e.g., approximately 


the eas rrom the specimen cnamoer anccung uic upcia- - —«=>■- ---- — . * n 'a 

tioifof the electron column and absorbing the primary 65 0.0001 Torr) in the region of the scanning coils 9a and 
electron beam. This pressure limiting aperture is typi- 9b. As these pressure limiting apertures are normally 0.3 
caJly 0 5 millimeters in diameter. This also limits the mm to 0.5 mm in diameter, they limit the field-of-view 
field-of-view to about a 0.5 millimeter diameter. This of the specimen, as aforementioned, to about 0.5 mm in 
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diameter. In contrast, a typical SEM will allow at least 
ten times this amount under comparable working condi- 
tions. It is therefore desirable to provide a scanning coil 
deflection system for an environmental scanning elec- 
tron microscope having at least two pressure limiting 5 
apertures which has an enhanced field-of-view. 

Moreover, in the prior environmental SEM, such as 
the environmental SEM of U.S. Pat. No. 4,824,006, the 
take-off angle of the X-ray detector (EDX detector) is 
not comparable to the take-off angle of the EDX detec- 10 
tors of conventional SEMs. As is shown in FIG. 4, in a 
conventional SEM, the conical base 201 of the objective 
lens 202 allows the energy dispersive X-ray detector 
(EDX) 203 to collect X-rays emanating from the sur- 
face of the sample at a take-off angle of approximately 15 
30%, without the bulk of the EDX detector intruding 
into the sample space. 

In environmental SEMs, however, as is shown in 
FIG. 5, the objective lens 204 with a flat lower pole 
piece 205 and the gas manifolds 206 and 207 (used to 20 
withdraw the gas that passes through the pressure limit- 
ing aperture) are at the same level. Since the working 
distance between the specimen and the data acquisition 
devices in an environmental SEM must be kept as short 25 
as possible, the space that the EDX detector can occupy 
in the specimen chamber is restricted. Thus, in order to 
limit this working distance, the design of the environ- 
mental SEM of FIG. 5 limits the take-off angle of the 
EDX detector 208 in the specimen chamber to approxi- 3Q 
mately 20°. It is therefore desirable to provide an envi- 
ronmental SEM which provides for a take-off angle of 
the EDX detector which is comparable with the take- 
off angle of EDX detectors in conventional SEMs. 

OBJECTS OF THE INVENTION 35 

Therefore, it is an object of the present invention to 
provide an improved environmental scanning electron 
microscope which avoids the aforementioned deficien- 
cies of the prior art. 40 

It is also an object of this invention to provide an 
improved environmental scanning electron microscope 
which permits direct real-time observation of liquid 
transfer, chemical reactions, solutions, hydration, crys- 
tallization and other processes occurring at relatively 45 
high vapor pressures. 

It is another object of this invention to provide an 
environmental scanning electron microscope which 
satisfies the simultaneous requirements for pressure 
control, electron beam focusing and signal amplification 50 
while placing no practical limitations on specimen han- 
dling or microscope resolving power. 

It is a further object of the invention to provide an 
improved environmental scanning electron microscope 
which achieves standard SEM resolution in a gaseous 55 
environment. 

It is a further object of this invention to provide an 
improved environmental scanning electron microscope 
having an improved secondary electron detector which 
reduces the backscattered electron component of the 60 
signal emanating from the specimen and reduces the 
signal noise produced by the primary beam. 

It is yet another object of this invention to provide an 
improved environmental scanning electron microscope 
which allows the electron beam to strike a greater sur- 65 
face area of the specimen, and thus, provides for an 
enhanced field-of-view of the specimen comparable to 
that of a standard SEM. 
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It is a still further object of this invention to provide 
an improved environmental scanning electron micro- 
scope which has an improved amplifier for the signal 
received by the secondary electron detector. 

It is still a further object of this invention to provide 
an improved environmental scanning electron micro- 
scope which has an improved method of observing 
large samples. 

It is still a further object of this invention to provide 
a scanning electron microscope which allows an optical 
view of the sample while simultaneously utilizing a 
gaseous detector. 

It is still a further object of this invention to provide 
an improved environmental scanning electron micro- 
scope which has an enhanced take-off angle for an EDX 
detector which is comparable with the take-off angle 
for an EDX detector of a standard SEM. 

It is still a further object of this invention to provide 
an electrode detector assembly for an environmental 
scanning electron microscope wherein the electrodes 
are supported mechanically. 

It is still a further object of this invention to provide 
an electrode detector assembly for an environmental 
scanning electron microscope wherein each of the sig- 
nals received by the electrode detectors are insulated 
from the signals received by the other electrode detec- 
tors of the electrode detector assembly. 

It is still a further object of this invention to provide 
an electrode detector assembly for an environmental 
scanning electron microscope which provides for elec- 
trostatic screening to reduce pick-up of electronic noise. 

It is still a further object of this invention to provide 
an electrode detector assembly for an environmental 
scanning electron microscope which insulates the pres- 
sure limiting aperture but the insulators in the support 
structure are "hidden" to avoid disturbing the primary 
beam. 

It is still a further object of this invention to provide 
an electrode detector assembly for an environmental 
scanning electron microscope wherein the support 
structure for the electrodes is electrically isolated so 
that the various signals collected by the electrodes are 
not interconnected. 

It is yet a further object of the present invention to 
provide an electrode detector assembly for an environ- 
mental scanning electron microscope wherein the elec- 
trode structure is robust, (i.e. strong enough to minimi ze 
mechanical damage caused by hitting it with the sample 
or by the requirements to claim it). 

It is still a further object of this invention to provide 
an electrode detector assembly for an environmental 
scanning electron microscope which is easily cleanable 
to thereby remove the results of experiments carried out 
on wet or dirty samples. 

It is still a further object of this invention to provide 
an electrode detector assembly for an environmental 
scanning electron microscope which is relatively inex- 
pensive to replace. 

Various other objects, advantages and features of the 
present invention will become readily apparent from 
the ensuing detailed description and the novel features 
will be particularly pointed out in the appended claims. 

SUMMARY OF THE INVENTION 

This invention relates to an improved environmental 
scanning electron microscope which achieves standard 
SEM resolution performance in a gaseous environment. 
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In a preferred embodiment thereof, the electron mi- effect of R. In addition, the amplifier is operated in a 
croscope includes an electron gun for generating and so-called virtual earth or ground mode, 
directing an electron beam towards a specimen to be Advantageously, this amplifier maintains thevoltage 
Si "the objective lens assembly of this envi- on the ring electrode to be very close to VI. Wuhttas 
r™ntal scanning electron microscope, the electron 5 design, noise at the output of the an.phf.er a so re- 
beam passes through an electron optical column until it duced such that the dominant source of no.se ,n this 
rSsToTfferentially pumped aperture column. In the environmental SEM is from the shot no.se 
differentially pumped aperture column, the electron In order to achieve this reduct.on, the resistor R ,s at 
beam is focused and scanned across the diameter of the »^ °hm .^.^ ^ 

f 't j^SeTK-ito-ed below the objec- pelnfts'the operator to easily swifch between a normal 

tivt e^s assembly and is "capable of maintaining the environmental scanning electron microscope . electron 

specimen enveloped in gas in registration with the pres- image (typically limited to 0.5 mm in d.ameter) to an 

Sre totog aperture such that a surface of the sped- optical light view of the sample that covers a field-of- 
men may b! exposed to the focused beam of electrons. 15 view of up to approximately 7 to 10 mm The opt cal 

A^nedmen mount is located within the specimen cham- windowing system of this environmental scanning elec- 

£ 'and i r^B^ to wpportins the* specimen ap- tron microscope includes (1 1 an optical W prod«- 

pro^tely 1 to 25 mm below the pressure limiting tion system to illuminate the specimen from a light 

^S£3S" oTof the genera, objects of the disp.ay system'that allows the ^pgj M-jjge^ 

present invention, this environmental SEM includes an shown on an environmental SEM display and control 

pWtmn detector configuration which reduces the screen. 

ine from the surface of the sample and reduces the 25 small mirror is mounted to the magnetic focusing lens 

s^a^ise proTuced by the primary electron beam. and faces the specimen. The samp e is ^rnmated by 

Xe specifically, this configuration includes a biased reflecting light off the mirror (and the unders.de of he 

pS^tTSm aperture electrode detector formed objective lens). The mirror is also used » collect toe 

limiting aperture and a ^^'^^^^^^^^ 

biased ring electrode provided at or just below the final 30 a charge-coupled device ( CCD ) TV camera 1 he i v 

pressur™hmtlng aperture within the specimen chamber signal from the camera is supplied directly into a stan- 

anTaboVeThe surface of me specimen. This ring elec- dard TV monitor to provide a continuous optical view 

n^~Wy ™ formed of a thin ring structure having of the sample. With this optical image product ™ 

a ^cSKproximately 50 to 1000 microns and is tern, a view of the sample u obtained which is substan- 

Ladrof an electrically conductive material, such as 35 dally equivalent to a "top down" view. 

.cm the surface of the sample are ^XS^^ES^^ 
Int' SnmenUl SEM, the pressure limiting 40 received by the ring electrode or optical images pro- 
awrturVdetector electrode is suitably biased such that duced by the optical .mage production system may be 
thTu^eSred^ond^y electrons, including (1) sec- displayed. Furthermore m the ™agc d.splay are* dec- 
ondary electrons generated by collisions between the tron images of the sample may be inserted in the optical 
Sary beam and the gas in the specimen chamber, (2) images as a "picture-m-p.cture" display ^ d ™* 
SSry eTecTrons generated by collisions between 45 such that the operator can switch instantly between 
SZSLZ M that pass Lough the pressure selected optical and the 
limiting aperture and the gas in the specimen chamber, In this environmental SEM, the take-off angle ot he 
SHecondary electrons generated by collisions between X-ray detector (EDX detector) is comparable with the 
which pis through the gas take-off angle of an EDX detector of a , 1 
between the sample and the rest of the specimen cham- 50 SEM. In order to obtain a take-off angle of approxi- 
SerTand 4) secondary electrons produced by backseat- mately JO', the pressure hm.t.ng aperture a^embly 
tered electrons striking the pressure limiting aperture, extends ^^X^^^^^J^ mm 
are intercepted and collected by the pressure limiting the specimen is positioned approximately 1 to 25 ram 
aperture electrode. Accordingly, these undesirable sec- below the pressure limiting aperture. 
oK elXn signal components are not collected by 55 A further advantageous feature of ^e «Y«nm««J 
the ring electxode g and the* secondary electron image SEM of the present 

derived from the ring electrode is a more pure second- the specimen ,s ^crease tihe 

ary electron image which also exhibits a lower noise of-v.ew of a standard SEM. In order to increase the 
ary electron g surface area of the specimen which is impinged by the 

In accordance with another general object of the 60 primary beam the objective lens assembly includes a 
present invention, this environmental SEM includes an scanning assembly wh.ch provides for triple deflection 
Eved^ufe for amplifying the signals collected of the electron beam through two pressure hmituig 
by ring electrode This amplifier floats at the bias volt- apertures and a magnetic ens housing of reduced food 
ase of the rtaTdec rode and the output of the amplifier length. As a result of this design the environmental 
bsupptdtol^eo display. The amplifier has a feed- 65 SEM achieves a field-of-view of .he spec.men of up to 
back mechanism including a resistor having a resistance approximately 7 to 10 mm. 

value of R. The output signal of the amplifier is ampli- In accordance with one of the general objects of the 

fied to restore the h gh frequency signal lost due to the present invention, an improved electrode detector as- 
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sembly for an environmental scanning electron micro 
scope is also provided. In order to provide mechanical 
nriditv for the electrodes collecting signals emanating 
ngtdity lor in cunen under examination, 

S B tot^S^to7«L.bly is in the form of a 
Sted c rcu\t board. The printed circuit board includes 
Ector tod having collection electrodes thereon for 
colSg signals emanating from the specimen. In one 
^hodmfent these collection electrodes include a signal 
embodiment, uici= ^ «„.«nrt»rv electrons 


tion electrodes and pressure limiting aperture . of the 
detector head in the environmental scanning electron 

^prinTd circuit board connector is 
the specimen chamber to receive an end of the printed 
circuit board remote from the detector head to retain 
the printed circuit board in its proper P° sltton '"V*! 

^!!l^^J^ntoW the 


15 


^anSfrom h^eof the specimen id a biased 
eSde 8 pad to reduce signals emanatmg from back- 
scattered and low angle reflected electrons. 

In^rder to prevent electrical leakage between the 
co lection electrodes, the printed circuit board provides 
for insulation of those signals and carries those signals to 
Sge connectors. These electrical enactors are in the 
SS of electrically conductive tracks wh.ch are em- 
bedded in the printed circuit board. 

In accordance with another general object of the 20 
present mvention, this electrode detector assembly also 
Ses for electrostatic screening to reduce pickup .of 
electrical noise. In order to achieve electrostatic screen- 
Sfthe top and bottom sides of the printed circuit 
board includes gold plated copper covers. •» 

In another preferred embodiment, the detector head 
includes a generally annular electrode assembly having 
Tinner electron detector formed of a signal ring elec- 
trode, an intermediate electron detector positi oned rach- 
allv outwardly of the inner electron detector which is 30 
formed of a plurality of concentric arc segments, and an 

the intermediate electron detector "^J^ °[ 
the second plurality of concentric arc segments. In this 
SSatiln, the signal ring ^"rode 'ollectt pre- M 
dominantly amplified lower energy secondary etotrons 
emTating from the surface of the specimen. The first 
pZutyof concentric arc segments of thefe^edjate 
electron detector collect predominantly ampufied 
higher energy backscattered electron signals The sec- 40 
ond plurality of concentric arc segments coUects pre- 
dominantly amplified low angle backscattered electron 

"Tn 'the electrode detector assembly of the pres ent 

iu . . . i or j \ nn u- l Ae< both the 


the environmental scanning cicw^w.* * 
Printed circuit board is snap-fit into the printed circuit 
board connector. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The following detailed description, given by way of 
Jmnle Wnot intended to limit the invention solely 
the specific embodiments described, may best be 
u^d?«tood in conjunction with the accompanying 

dl ?S^ J a'eTematic diagram of the electron beam in 
^FTS^aSeTatic representation of the beam 
Reflection in a typical SEM column. 

FIG 3 Ts a schematic representation of the beam 
deflection in an environmental scanning electron micro- 
Jcope having two sets of scanning coils and two pres- 
sure limiting apertures. v 
FIG 4 5a schematic representation of an X-ray 

detector configuration present in ^ ode ?^ff^,_ira- 
FIG 5 is a schematic representation of the configura 
tion for an X-ray detector in a prior art environmental 
scanning electron microscope. „ v .„ T .i P n f 

FIG 6 is a schematic representation of an > example ,o( 
electron trajectory paths in an environmental scanning 
electron microscope. ^referred 
FIG. 7 is a schematic representation of one pr«erreo 
embodiment of the environmental scanning electron 
microscope of the present invention illustratmg the 

*SS1 SSS£ of the improved 

signal amplifier system used in conjunction wiA the 
environmental scanning electron microscope of the 

Pr ?IG Salop plan view of the optical system pro- 

1 : . - *„i electron micro- 


Tnthe electrode detector — 45 J^^Zt^**^ efcctxon micro 

invention, the printed ^J^t^ £££ scope of the present invention 


ESEta- ?or *e colle'cting secondary electrons 
emanating from the surface of the specimen and the 
final SrSsure limiting aperture formed integrally 
thereon As a result thereof, the pressure l.mitmg aper- 
S e Ts e£ily interchangeable for different and 
moveover, the cost of manufacturing of the pressure 
Sng aperture/electrode structure is relative mex- 
pSi ivf such that the user can be provided with more 
ton one assembly with different sized pressure limiting 

^"accordance with one of the general objects of the 
oresent invention, this electrode detector assembly also 
rfrovrte for a gas tight seal between the objective lens 
Ls3y and thTspecimen chamber and means to easily 

ac^mhlv from the envi- 


50 


55 


scoce of the present invention. . 

KG 10 is a side elevational view of the optical sys- 
tem provided in the environmental, scanning electron 
microscope of the present invention 

FIG. 11 is an enlarged side elevational view of the 
optical system of FIG. 10. 

FIG. 12 is a schematic representation of the screen 
display for the image display system of the environmen- 
S'Smhig electron microscope of the present inven- 

ti0 FIGS 13J-J are schematic representations of four 
possible image combinations for the screen display of 

FI FIG 2 'l4 is a schematic representation of the X-ray 
tr 10. !■» » environmental scan- 


orovioes lor a gai "6»" ="-"■ " _„„;i„ FIG 14 is a scnemauc icjiimsu""-- 

LLnbly and the specimen chamber and «^«>^ 6Q ^Sw Lembly present in the environmental scan- 
remove the electrode detector assembly from the : e™ £* C electron microscope of the present ^entioa 
i ;„„ MerrTon microscope. In order to IU '*B . ,„„™, n tatinn of one embodi- 


remove the electroae aei«.iui ----- 
ronmental scanning electron microscope. In order to 
a°™ that result, a vacuum sealing ring extends from 
the Printed circuit board which is matingly engaged 
with a body detector mounted to the objective lens 
assembly to provide a gas tight seal between the object 65 
^ssemblv and the specimen chamber. In .addition^ 
vacuum sealing ring properly posit ™^P»£ 
circuit board, and hence, the integrally formed collec- 


detector assemoiy pnaw» >" — -; . 

S electron microscope of the present «v«t.o«. 

FIG 15 is a schematic representation of one embodi- 
ment of an environmental scanning electron microscope 
Z accordance with the teachings of the P res~ 
tion wherein the field-of-view of the specunen is in 

CT 7lG.'l6 is a bottom plan view of an electrode detec- 
tor assembly for an environmental scanning electron 
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microscope in accordance with the teachings of the 
present invention. 

FIG. 17 is a top plan view of the electrode detector 
assembly of FIG. 16. 

FIG. 18 is a schematic representation of one pre- 
ferred embodiment of an environmental scanning elec- 
tron microscope employing the electrode detector as- 
sembly of FIGS. 16 and 17. 

FIG. 19 is another schematic representation of an 
environmental scanning electron microscope employ- 
ing the electrode detector assembly of FIGS. 16 and 17. 

FIG. 20 is an enlarged schematic representation of a 
portion of the environmental scanning electron micro- 
scope of FIG. 19 specifically illustrating the sealing 
between the body detector and the electrode detector 
assembly of the present invention. 

FIG. 21 is a top elevational view of an annular elec- 
trode detector assembly of U.S. Pat. No. 4,897,545. 
FIG. 22 is a bottom plan view of another preferred 


10 
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Focusing means 20 located within the objective lens 
assembly 11 adjacent to the vacuum column and is capa- 
ble of directing the beam of electrons through the final 
pressure limiting aperture 14. 

The beam is subsequently directed into a specimen 
chamber 22 through final pressure limiting aperture 14 
wherein it impinges upon a specimen 24 supported on a 
specimen stage 26. The specimen mount or stage 26 is 
located within the specimen chamber 22 and is posi- 
tioned for supporting specimen 24 approximately 1 to 
25 mm, and preferably 1 to 10 mm, below final pressure 
limiting aperture 14 so as to allow the beam of electrons 
to interact with the specimen. The specimen chamber is 
disposed below the optical vacuum column 10 and is 
capable of maintaining the sample 24 enveloped in gas 
preferably nitrogen or water vapor, at a pressure of 
approximately between 1 to 50 Torr in registration with 
the pressure limiting aperture such that a surface of the 
specimen may be exposed to the charged particle beam 


environmental scanning electron microscope in accor- 
dance with the teachings of the present invention. 

FIG. 23 is a schematic representation of an environ- 
mental scanning electron microscope employing the 
electrode detector assembly of FIG. 22. 

FIG. 24 is another schematic representation of an 
electrode detector assembly in accordance with the 
teachings of the present invention being mechanically 
supported within an environmental scanning electron 
microscope. 

FIGS. 25 and 26 are schematic representations illus- 
trating the removal of the electrode detector assembly 
of the present invention from an environmental scan- 
ning electron microscope. 

FIG. 27 is another schematic representation Ulustrat- 35 
ing an electrode detector assembly of the present inven- 
tion being employed in an environmental scanning elec- 
tron microscope, and more particularly, to a clearance 
space for high voltage isolation thereby provided. 


25 


30 


pressure limiting aperture 14. 

As is shown in FIG. 6, a ring detector 28 is provided 
in the specimen chamber between the final pressure 
limiting aperture 14 and the specimen 24. This nng 
electrode detector is preferably formed of a thin nng 
and made of metal. In the preferred embodiment, the 
wire thickness of the ring detector is approximately 50 
to 1000 microns. The diameter of the ring detector 28 is 
slightly larger than the diameter of the pressure limiting 
aperture 14 and is placed immediately below and sepa- 
rated therefrom. 

When the primary beam 12 strikes the specimen 24, as 
in FIG. 6, secondary electrons 35 and backscattered 
electrons, such as 37, 38 and 39, are released from the 
sample. For purposes of illustration, in FIG. 6, a bias 
voltage is applied to ring electrode 28 of approximately 
+ 500 V. The bullet detector 30 which forms the pres- 
sure limiting aperture 14 is unbiased. In this configura- 
tion, high positive voltage on the ring electrode 28 


assembly for an environmental scanning electron micro- 
scope in accordance with the teachings of the present 
invention illustrating a clearance space of high voltage 
isolation in the electrode detector assembly. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring now to FIG. 6, an environmental scanning 
electron microscope is illustrated which provides a 
device for generating, amplifying and detecting second 
ary and backscattered electrons emanating from a sur- 
face of a sample being examined. A beam of electrons 12 
is emitted through an electron optical column 10 of the 
objective lens assembly 11 by an electron gun (not 
shown). The vacuum optical column 10 includes a final 
pressure limiting aperture 14 at its lower end thereof. 
This pressure limiting aperture 14 is formed within the 
lower end of an aperture carrier 15. This aperture car- 
rier 15 is discussed in U.S. patent application Ser. No. 
07/908,870, filed Jul. I, 1992, the subject matter of 60 
which is incorporated by reference. This aperture car- 
rier includes a second pressure limiting aperture 17 
above final pressure limiting aperture 14 which commu- 
nicates directly with the electron optical column 10. 
Preferably, the final pressure limiting aperture 14 has a 65 
diameter of approximately 500 microns. The electron 
beam passes through magnetic lenses 16 and 18 which 
are used to control the intensity of the electron beam. 


45 
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VCLUOtn) «1V JW%,Vrf**w— -J — 

surface of the sample to be accelerated until they strike 
°-as molecules of the gaseous environment in the speci- 
men chamber 26. Multiple collisions with the gaseous 
environment cause other electrons to be released which 
are, as well, accelerated towards the ring electrode 28. 
Generally, there will be many such collisions and even- 
tually a cloud of hundreds or thousands of electrons will 
reach the ring electrode 28. The main objective, how- 
ever, of the ring electrode 28 is to collect the electrons 
triggered by secondary electrons emanating from the 
specimen 24. 

However, as illustrated in FIG. 6, secondary elec- 
trons are also generated by gas collisions from other 
sources; namely: 

a) collisions between the primary beam 12 and the 
gaseous environment of the specimen chamber, 
these secondary electrons being represented by 
reference numeral 43 in FIG. 6; 

b) collisions between the backscattered electrons 37 
that pass through the pressure limiting aperture 14 
and the gaseous environment of the specimen 
chamber 22, these secondary electrons being repre- 
sented heard to by reference numeral 45; 

c) collisions between the backscattered electrons 38 
which pass through the gaseous environment be- 
tween the sample 24 and the remainder of the spec- 
imen chamber, these secondary electrons being 
represented by reference numeral 47; and 
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d) backscattered electrons 39 which strike the pres- 
sure hmiting aperture 14, and generate secondary 
electron which are referred to by reference nu- 
meral 49. 

All of the secondary electrons generated by these 
collisions are amplified by gas multiplication in the 
gaseous environment of the specimen chamber and add 
to the desired secondary electron signal. However, the 
secondary electrons that derive from the backscattered 
electrons, suchas 43, 45, 47 and 49, add an undesired 
backscattered component to the secondary electron 
image being received by the ring detector 28. Further- 
more, the secondary electrons 43 created by collisions 

™T,ffU Pnmary bcam 12 the gaseous environ- 
ment of the specimen chamber cause an undesired back- 
ground noise component. 

Thus, in order to enhance its signal capabilities, the 
environmental scanning electron microscope of the 
present invention incorporates an improved secondary 
electron detector which reduces the backscattered elec- 
tron component of the signal, such as signals 43, 45 47 
and 49 present in the FIG. 6 example, and reduces the 
signal noise produced by the primary beam, such as 
Tl 4 ?; i? « he , e «nbodiment of the present invention 


12 


10 


FIG. 7) This electrode 29 is also formed of a thin rinc 
and made of metal. ° 
As is shown in FIG. 8, the environmental scanning 
e ectron microscope of the present invention also in- 
cludes an improved amplifier assembly 52 for the signal 
emanating from the ring detector electrode 28 In this 
environmental scanning electron microscope, the sienal 
current from the ring electrode 28 is passed to a current 
amplifier 54 used in the so-called virtual earth mode As 
aforementioned, the ring electrode 28 and the pressure 
limiting aperture electrode 50 are typically best oper- 
ated at the same DC bias voltage (VI) (in the example of 
FIG. 7 at approximately at 500 V). This voltage is set to 
the voltage necessary to obtain sufficient gas multiplica- 
15 taon in the specimen chamber. The virtual earth ampli- 
fier of FIG. 8 is operated from a power source which 
floats relative to the bias voltage applied to the ring 
electrode 28. The other input of the amplifier (the + 
input desipated at 56) is also connected to the bias 
20 voltage. The output of the amplifier as at 58 is translated 
to be relative to normal ground potential utilizing an 
optically coupled amplifier system of conventional de- 
sign (not shown). 


shown in inci'VTC"""™, °' W present ,nventi °n „ .J*"* , am P 1,fier al s° includes a feedback system in the 

dJ^rirTJ ?' !•' 1 nng electrode 28 « biased at an 25 fonn of a ™«*or 60 having a resistance value ofR As 

S£ T , betW - een a PP r °*™ately 200 and a ^«ult thereof, the output of the amplifier 54 is rep£ 

2000 volts, and preferably 500 volts. Additionally, a ? ente * by IsR + VI wherein Is is the current collected 

ZZZ'VS^fT"? CleCtr0de 50 is formed inte " ? " u S elCCtr ° de 28 and V1 is ^ bias voltage ap- 
££in. ^ deteCt0r def,nin S the P ressur « ™ ii 1Cd t0 th£ M, P Ufi «- As a result thereof, the amplifier 

limiting aperture and is biased at an electrical potential 30 54 maulta ">s the voltage on the ring elecirode 28 to be 
between 200 and 2000 volts, and preferably 500 volts In Very close t0 V1 - 

th* „,.f~~,, . .. . . In Edition to the required signal (IsR), „oise is also 

present at the output of the amplifier 54. This noise is 
produced by a number of sources; namely: (a) shot noise 
35 m the signal current Is, (b) noise generated by the ampli- 
fier, and (c) Johnson noise from the resistor 60 When 


, > -«w ^wwaujy jw VOllS. Ill 

the preferred embodiment, it has been found desirable 
to bias the nng electrode 28 and the pressure Iimitine 
aperture electrode SO at the same electrical potential 
As an example, if the ring electrode 28 and pressure 

^' n ? t . a ^ rtUr !, eIeCti ' 0de 50 m both biased at 500 
volts, the desired secondary electrons 35 are acceler- 

m ^ U ^ d in the gaseous environment of the 
specimen chamber 22 to generate further secondary „ 
S * wluch « coveted by the ring eTe£ *° 
un^irfd^T'' V** oonfi S ur ^on, most of the 
undesired secondary electrons are intercepted bv the 
pressure limiting aperture electrode 50. More specifi- 


he environmental SEM of the present invention is used 
toobtain the smallest spot size of the sample in order to 
obtain the best image resolution of the specimen the 
image must be scanned at a relatively slow scanning 
speed to minimize the image noise. Typically, a time of 
between approximately 1 and 2 minutes is utilized 
In order to minimize the noise from resister R its 
^^ l L"*« 1M ° hm * -ista^ce 


- <=> i — ~ "vvwuuc su. more specui- , - _ uu»c uuiu resisier k, its 

I y ;I 1 f eC 1 ° ndary eiectrons 45 generated by collisions d , Va J UC ?• P refe [ abl y * least 1M ohm. This high resistance 
wuh the backscattered electrons 37 are attracted to the 5 ^ Ws the ^ponse of the amplifier 54 

positive surface of the n^rp n«,:* , s ° that it is difficult to obtain a suitable image at fast 

scanning rates. In order to obtain a suitable image, an- 
other amplifier (not shown) is utilized with boosted 


50 


„ « ~ > ait am acicu to trie 

E^V^t 0 ' * e prCSSUre limitin 8 a P ert ^ el " 
trode 50^ Further, many of the secondary electrons 
generated by collisions between the primary b£mE 
and the gaseous environment of the specimen chamber 
i T ! « ^ cted to the Pressure limiting aperture 
electrode SO. In addition, the secondary electrons 49 
generated by collisions between a backscattered elec- 
ron 39 and the pressure limiting aperture 50 will no 
Z^X^ZZZZ!™ the '-ting 55 


™« or gaS ffPJ'fi^ion occurs. Accordingly, 
?l th f" ndeslrable si 8" a ' components are not col- 
lected by the nng electrode 28, and accordingly, the 
image signal derived from the ring electrode 28 is a 
more pure secondary electron image having a lower 
no.se level. Thus, it has been found that this desi™ 

^f eS K° r "l^" 2 resoluti ° n capabilities of the speci- 
men of about 4 nm which is comparable to the resolu- 
tion quality of a standard SEM. 

sir^H tl^T 13 * embodiment, in order to collect unde- 

tro?e 2^ d r'. ele K tr0nS '- a SeCOnd biased ™« e 'ec- 
^ t tnf y * h ° 66 P osl£lone ° above final pressure 
limiting aperture 14 within the aperture carrier IS (see 


\*i~u c x ""v " uulh^cu wun ooosted 

high frequency response, which compensates for the 
loss at the input. In the previous environmental SEM. 
the amplifier used a small resistor (50 k ohm) in order to 
obtain suitable high frequency response for fast scan, 
ning This resistor, however, generated undesirable 
Jevels of Johnson noise. Accordingly, the amplifier 
JET. 5 L°l ™ _l h « *? Signed as J^i 


€0 


- — - vww* ucsigncu as set ronn 
above such that the predominant source of noise is from 
the shot noise m the electron beam 12. 

In accordance with another general object of the 
present invention, the environmental scanning electron 
microscope of the present invention includes an im- 
fcZ ed . raethod ° f observing large samples utilizing a 
form of an optical microscope. This optical window 
system allows the user to easily switch between the 
normal environmental SEM electron image (typically 

Z '» J? °' 5 T diame,e ° ,0 3,1 ° ptical of 
the speomen that covers a field-of-view of up to ap- 

orov e d^lr 7 th t0 10 mm 10 achicvc in effcct a " im- 
proved SEM that permits an optical view of the speci- 
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men. In addition to showing a significantly larger view 
of the sample, this optical window system advanta- 
geously provides an image of the sample which is a 
normaJ optical image in full color. Moreover, as will be 
explained in more detail below, this optical window 5 
system provides for a view of the specimen as if one 
were looking down into the electron column of the 
microscope. 

This environmental scanning electron microscope 
exploits the existing characteristics of a gaseous detec- 10 
tor (i.e. a detector immersed in the gaseous environment 
of the specimen chamber), which is that the detector is 
immune to the effects of light in the specimen chamber 
22. In contrast, the standard Everhardt-Thomley detec- 
tor used for secondary electron imaging in a conven- 15 
tional SEM utilizes a photomultiplier that is sensitive to 
the visible spectrum, and accordingly, it is impossible to 
allow visible light into the SEM specimen chamber. 
Moreover, the backscattered electron detectors utilized 
in SEMs are similarly light sensitive. 20 

The two major components of the optical window 
system of this environmental scanning electron micro- 
scope are as follows: 

(a) an optical image production system for illuminat- 
ing the specimen from a light source and for re- 25 
fleeting the image of the specimen to a video unit to 
provide a continuous optical view of the specimen, 

as is illustrated in FIGS. 9 through 11; and 

(b) a video switching signal or video display system 
that allows the image from the TV camera to be 30 
shown on the normal environmental SEM display 
and control screen, as is illustrated in FIG. 12 and 
FIGS. I3a-d 

Referring now to FIGS. 9 and 10, in this environmen- 
tal SEM, the specimen 24 is mounted in the specimen 35 
chamber 22 on a motorized stage 26 to provide for 
movement in five axes (XYZ, tilt and rotate). A view 
port 62 extending through the outer housing 64 of the 
specimen chamber 22 of the environmental SEM is also 
provided to allow the operator to directly view the 40 
sample during examination. 

As is best shown in FIGS. 10 and 11, the optical 
image production system of the optical window system 
includes a relatively small mirror 66 mounted to the 
underside of the final pole piece 68 of the magnetic 45 
focusing lens, or an optically polished reflecting surface 
of the final pole piece. In this position, the mirror 66 
faces the specimen 24. The specimen is illuminated by 
reflecting light off the mirror 66 (and/or, as will be 
explained below, the underside of the objective lens 68). 50 
The mirror is also utilized to transmit the image of the 
sample 24 back through a lens assembly onto a rela- 
tively small CCD TV camera. The TV signal from the 
camera can be directly transmitted into a standard TV 
monitor to provide a continuous optical view of the 55 
sample. 

More specifically, as shown in FIGS. 10 and 11, the 
light source 70 is coupled through an optical fiber bun- 
dle 72 and then through a lead glass window 74. The 
lead glass window 74 provides a vacuum seal and ab- 60 
sorbs any X-rays generated by the electron beam 12 
emanating from the sample 24. The light is then focused 
by a lens 76 and reflected off the mirror 66 onto the 
sample 24. In the preferred embodiment, as shown in 
FIG. 11, the mirror 66 is positioned very close to the 65 
gaseous detector 28 of the environmental SEM of the 
present invention. In a further preferred embodiment, if 
the underside or final pole piece 77 of objective lens 68 


14 


is sufficiently polished, the mirror 66 could be elimi- 
nated and the light beam could be reflected off the final 
pole piece 77 onto the sample. 

The image from the sample 24 is reflected by the 
mirror 66 back through a lens assembly 80. After the 
image passes through lens 80 on its return path, it passes 
through two sets of prisms 82 and 84 before reaching 
the CCD image integrated circuit 86 which provides a 
video display of the image. As is best shown in FIG. 11, 
the first prism 82 is positioned in the optical system of 
the present invention such that the image is deflected in 
a 180" orientation from which it was received. Accord- 
ingly, the image is reflected by the prism 82 at two 
deflection points 82c and 826. After the image is de- 
flected at deflection point 826 of prism 82, it passes 
through prism 84 and is deflected only once, at deflec- 
tion point 84a at a right angle towards the CCD image 
integrated circuit 86. An even number of reflections 
between the sample and image CCD ensures a non-rev- 
ersed image. 

Normally, an undesirable oblique view of the sample 
is obtained utilizing a mirror which is offset from the 
specimen. In the optical window system of the present 
invention, the lens 80 and the CCD imaging chip 86 are 
mounted at an angle from each other in order to obtain 
a view of the sample that is virtually equivalent to a 
"top down" view of the sample. In addition, the CCD 
chip 86 is mounted such that the image formed is as the 
user would see the sample looking down the electron 
optical column from the front of the microscope. In the 
preferred embodiment, the CCD imaging chip 86 is 
operatively connected to a CCD TV camera with the 
TV signal from the camera being directly transmitted 
into a standard TV monitor or video cecorder to give a 
continuous optical view of the specimen. 

The video display assembly of the optical window 
system shown in FIG. 12 includes VGA display screen 
88 including a menu display area 90 and an image dis- 
play area 92. The menu display area 90 displays opera- 
tional and status information for an operator. 

As is shown in FIGS. 13a and IZb, the image display 
area 92 can display cuher electron images processed 
from the ring electrode 28 or optical images produced 
by the optical image production system as described 
above. A further advantageous feature of the optical 
display assembly of the present invention is its ability to 
insert electron images or optical images in the image 
display area as a "picture-in-picture" display which 
allows numerous electron images and optical images of 
the specimen to be instantaneously viewed. As is shown 
in FIG. 13c, optical images 98 are inserted in the elec- 
tron images 94 of the image display area as a "picture- 
in-picture" display. In FIG. 13tr, electron images 200 
are inserted in the optical images 96 of the image display 
area 92 as a "picture-in-picture" display. Thus, reduced 
size versions or selected portions of either the optical 
images 98 in FIG. 13c or the electron images 100 in 
FIG. lZd can be displayed in the other image. Elec- 
tronic circuitry is provided which would be readily 
appreciated by one skilled in the art to switch the im- 
ages instantly between the combinations shown in 
FIGS. 12a-d. 

As is shown in FIG. 14, in a preferred embodiment of 
the environmental SEM of the present invention, the 
X-ray detector (EDX detector) 102 has a take-off angle 
for collecting X-rays emitted from the surface of the 
sample which is comparable with the take-off angle in 
conventional SEMs of approximately 30°. In order to 
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achieve this desired take-off anele the Dressurclimifir,,, ^ 

apenure assembly 104 is exSd do^rd i f™ fZ?T '™ TOnmeat - applicants have demon- 

the final pole piece 106 of the object^ eT3 wSS ^ u u POSSiWe to use 8 Suitably modif,ed SEM 

separates the vacuum column from SecimSn £ 5" h herein » 0bserVe """P 1 "* M water va P° r 

ber. This extended pressure Ii5£ w 5 Nation of'thef ^ my signif,cant 

is utilized to ensure that the gas path length hfm the T^^L *f ^ Sp0t d,an,eter and tawe P">«toced 

pressure limiting aperture 105 to die specunen 103 re JiVfTv ^'^f Processing chain where the image 

mains approximately 1 to 25 mm, and mSeSSvI HZ b Y the shot »°«e in the electron 

to 10 mm. As a result thereof, the distant from the L\ ^ ^ ?" by ,nstrun >=ntation limitations. 

103 is increased to allow enough space £ Se sSln M?K^ f Unpr ° Ved dectron detector assem- 
chamber to provide an EDX dftector wHh an ml* pr °* lded wh , e ^ *e electrodes are supported 

take-off angle of approximately 30" ^re^sented bvlhe % t T* "S^™" an,clnre 15 robust to mini - 

angle a in FIG. 14 represented by the imze damage caused by the structure being hit by the 

In the preferred embodiment the environ™,,,.! i< S"! P *u su PP on structure is electrically isolated so 

scanning electron ntot^Ae^enTSS £ if emanating from 1116 s P ecim ™ 

also provides an enhanced field of-vfew of the snectaen IZ^l^tT^ the e,ectrode * 

which is comparable with the field-oSw ac^ved In TriL T* 1 ' t0 rCm ° VC ^ leMte of experiments 

a conventional SEM. As is shown morTpSlarlv fa W u ° r d ^ »!«*■««• 

FIG. IS, the enhanced fleldTvi™ i,TuSe?by 20 bly harS^^*' CleCtTOn deteCt ° r aSBem - 

utilizing three sets of scanning coils 110 112 and 114 e L™w ^ t < ?\" n envlron rnental scanning 

directing the electron beam thfough twe . pressure lim!t fo™S i„£ n C ° PC .Tu incIudes a detector head 

ing apertures 118 and 120, and a shortTfocTlS ™™ , ^ V P * SSUre limitin S a Perture, a 

magnetic lens 116. Moreover, the sets ^Sne cS wh,ch is e,ectrica "y ^ulated so that 

110 and 112 are positioned above p!w^toffi? 25 »T? ^connected, and the sup- 

ture 118 and the set of scanning coUsTl* fa SSSS f ? structure mechanically supports the electrode de- 

between pressure limiting apert^e mWd ^ e^" m K5 & r Un — «-» 

sure limiting aperture 120. citron microscope. 

Without the assistance of the scannina coils or the th-.fi ' S , TV* 6 prcferred embodiment of FIG. 16, 
pressure limiting apertures, electronHSLS.^rS 3n ™ ^ ctrode d 5 tec ? r »o"Wy 130 is in the form of a 
the electron beam are focused ontoX ZSS?bX £ ^ ■ b °* rd " 2 mC,Uding a detector head 13 * 
action of the magnetic lenTuXflTS^^ SoUectin. ^'T 138 there0n fo ' 

at the edge of the ray bundle are considerably SSS CoIIcctln f i 1 ^ emanating from the specimen to be 
by the action of the lens. If. ^veSSSJSSS IT™ accordance «•» Principles set forth 
the lens is reduced, as is he magnet cl lens 116 of the 35 S ,f M 8«i-I ring electrode 136 is suitably 

environmental SEM of FIG. tsTy Carina ^the «? ^nrf COU f e ,? secondar y el «*"»* emanating from 
rent through the lens winding, iTrTSSSte w5 na^s u« 1 the specimen. This signal ring electrode 

through a point closer to the magnetic lens The SfaE 134 of h u PP ort « d downw ^ly from the detector head 
of the shorter focal length lens wiSi ~ct t n XT^ P ted ClrClnt board 132 Preferably three 

ronmental scanning JS^^S^S^aa 40 SSSiSL" 0 * ^ *?* "° ft dc « ector h « d134 
wUl be explained in more detail below f includes an appropriately biased electrode pad 138 

In operation, the first set of scanning coils 110 de HiZ s '^ Is , emanati «g from backscattered and low 
fleets the electron beam 12 angularly outwardly as h XZ?"**-^*?"" emanatin S from th * ^ace of 
represented by angle A toward^he second s" of scln w^^d^e^Jr 0 ? ^ fa ^ bCVe,ed d ° Wn - 
ning coils 112 which are positioned relatively close to 4? Z .7 w I 8 ? V reference numeral 142 to allow 

of scanning coils 112 deflects the electron beaTang" ^l^ZiTpir 1 

larlymwardly, as is represented by the angle*, through assembly tZ £ . ' dectrode dete «or 

the upper pressure limiting aperture 118 toward the fi^?^ ai , l TessW(t hmitm & *T*rt»re 144 is 
third set of scanning coils 114. The th!rd set of^nLie 50 d^t^T^^f ^ ^ ring electrode 136 of 
coils 114 deflects the beam angularly bw^ly m« head . 13 * of *e printed circuit board 132. 

its apparent trajectory is from the taagT o^eelectron SJSST^* 15 T"^ FIG " thb ^ preSSUre 
source. Since the magnetic focusing lens 116 h Ja short ^ • i P ' $ ^ f0rmed at the end of 80 inv e«e 
focal length, the lens focusing actTon wUl bend 7hl Sam oHh ^ g ^ pr f ef l rab,y made of co PPer, provided 
as at point 124 to pass the beam through the lowe" 55 Thereof Z rt f deCtCCt ° r head ' As 3 rcsuIt 
pressure limiting aperture 120. The combination af thl a f co "f tlon e le«rodes, such as the signal ring 

three sets of scLdng coils 110 lll°^ d iu jl Se the electrode ,.P ad .138. are formed integrally with 
magnetic focusing lens 116 of short fo£5 lenglh^lows nead lmmng apertUre 144 ° n detector 

^rsrirrrrdiit^t? 

displacement. As a result thereof the field-of-vfew of f« ""T" 65 [° r C,eCtrical Section to the signal 
the specimen is enhanced and secondary electron! ITd 3?™,^ COnnect i°» P^g up ufde- 
other available information (such as X-rays ^onTetel fn^,,^ In °/ der W achievc this result ' suita We 
issuing from a greater surface area^f the sidmen can Hy of 2" " the eleCtr0de detection assem - 
be detected. specimen can bly of the present invention to prevent electrical leak- 
As a result of the present invention, an environmental FIG l7t elet ', r f 136 ^ 138 " AS 53 shown » 
scanning electron microscope has been designed which r^,'; u 5 msulatlon K the form of the printed 

achieves standard SEM resolution ^erfoTmce £^ w S , UPP ° rt StrUCtUre itSelf - A P'^V of 

P e «°rmance in a electrically conductive tracks 148, 150 and 152 are em- 
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bedded in the printed circuit board 132. In the preferred 
embodiment, track 148 is connected to the signal ring 
134. Track ISO is connected to the electrode pad 138 
Track 152 picks-up electrical noise for cancellation 
purposes as it collects a signal for electronic subtraction 5 
from noise interference pickup with the signal. Lastly 
track 154 is a ground connection. Each of these tracks 
148, 150 and 152 is connected to a respective edge con- 
nector 156, 158 and 160. These edge connectors then 
transmit the signals carried by the tracks to an amplifier 10 
(not shown) for amplifying information received by the 
collection electrodes. In addition, each of these electri- 
cally conductive tracks have an exposed portion which 
is electroplated with gold which protects the copper 
from attack by harsh gases or oxidation. 15 

The upper and lower surfaces of the printed circuit 
132, as shown in FIGS. 16 and 17, include gold plated 
copper coverings 164 and 166. This copper covering 
provides electrical screening to reduce pickup of elec- 
tronic noise of the signals in the embedded tracks and 20 
provides a conductive covering for the insulating cir- 
cuit board. A standard plated through hole 165 is used 
to connect coverings 164 and 166 tgether. The two 
surfaces 164 and 166 are connected to ground via edge 
connector 162. Additionally, standard plated through 25 
holes 182 are provided which connect the copper planes 

132 (*et FIG°20*)° th ° f ^ V ™ tCd h °^ d 

As is shown in FIG. 17, the printed circuit board also _ 
includes a "D" shaped insulating ring 168 which is 30 
bonded to the printed circuit board to provide a vac- 
uum seal between the objective lens assembly and the 
specimen chamber to be described in more detail below 

An environmental scanning electron microscope em- « 
ploying an electrode detector assembly employing 
printed circuit board technology is shown in FIGS 18 
through 20. As is best shown in FIG. 18, the printed 
circuit board 132 is positioned in the specimen chamber 
170 in a generally horizontal manner. The detector ^ 
body 172 is mounted to the objective lens assembly 174 
and provides an path for the electron beam 176 to pass 
therethrough. This detector body 172 is similar to the 
aperture earner described in U.S. Pat. No. 4,823 006 
assigned to the common assignee of the application « 
except, that the detector head herein forms the lower 
portion of the detector body. 

As will be described in more detail below, this detec- 
tor body 172 is threaded into the objective lens 174 to 
assist in centering the pressure limiting aperture 144 in 
its proper position. In this configuration, the signal 
collection nng electrode 136 extends downwardly from 
the printed circuit board 132 and faces the specimen 178 
under examination. As a result thereof, the primary 
beam 176 passes through the final pressure limiting 5 c 
aperture 144 of the printed circuit board and impinges " 
upon the specimen 178. Secondary electrons emitted 
trom the surface of the specimen are thus collected by 
the suitably biased signal ring electrode 136. 

In order to provide a gas tight seal between the cir- 60 
cuit board 132 and by the detector body 172 the vac- 
uum sealing ring 168 is glued to the printed circuit 
board and mates with a circular flange 180 extending 
downwardly from the detector body 172. The vacuum 
sealing nng also assists in properly positioning the pres- 65 
sure limiting aperture 144 in the environmental scan- 
ning microscope such that the electron beam 176 can 
properly impinge upon the specimen 178. 


18 


In accordance with another general object of the 
invention, the insulating surface of the printed circuit 
board is "hidden" to avoid disturbing the primary beam. 
As is best shown in FIG. 20, the copper ring 171 pro- 
vided on the top surface of the printed circuit board is 
of a sufficient width such that it extends outwardly of 
the pressure limiting aperture 144 to an extent that the 
primary beam 176 will never strike an insulating surface 
of the printed circuit board. 

Moreover, the inverted conical portion 146 which 
forms the final pressure limiting aperture 144 can be of 
varying sizes, such when the printed circuit board is 
easily removed, as is discussed in more detail below 
different size insert, with corresponding varying sized 
pressure limiting aperture may be provided for different 
purposes. Thus, the cost of manufacturing the pressure 
limiting aperture/electrode structure is low enough that 

e u US f-i Can bc P rovided with more than one assembly 
with different sized pressure limiting apertures. 

In another preferred embodiment, the signals re- 
ceived from the electrode pad 146 may be utilized as an 
actual backscattered electron signal detector If the 
electrode pad 146 is utilized in that manner, the voltage 
plane that is on the printed circuit board close to the 
electrode pad 146 will collect backscattered electron 
signals which are not collected by the secondary elec- 
tron detector signal ring electrode 144. Thus, in the 
electrode detector assembly of the present invention, 
the collection pad 146 may not collect only "undesired 
backscattered electron signals and primary beam 
noise". 

In U.S. Pat. No. 4,897,545, assigned to the common 
assignee of this application, a gaseous electron detector 
is improved by placing a number of electrodes close to 
the sample which pick up different types of electron 
signals. FIG, 21 of this application illustrates such a 
detector. This detector disclosed in U.S. Pat. No 
4 897,545 provided for the separation of different types 
of electrons, such as low energy secondary electrons 
(electrode X), higher energy reflected electrons (elec- 
trodes C & D), and low angled reflected electrons (elec- 
trodes A & B). As is described in that patent, each of 
these different types of electrons convey different infor- 
mation about the sample. 

FIG. 22 of this application illustrates an electrode 
detector assembly 184 employing printed circuit board 
technology for use in an environmental scanning elec- 
tron microscope which includes a number of electrodes 
on the detector head 186 which will pick up a different 
types of electron signals in a manner similar to the de- 
tector disclosed in U.S. Pat. No. 4,897,545. As will be 
discussed in more detail below, this electrode detector 
assembly of FIG. 22 also includes a detector head, suit- 
able insulation, and a support structure as in the embodi- 
ment of FIGS, 16 and 17 of this application. 

The detector head 186 of the electrode detector as- 
sembly 184 includes three electrodes 190, 192 and 194 
preferably formed of copper. The inner electron detec- 
tor 190 is formed as a signal ring positioned radially 
outwardly of the pressure limiting aperture 187 formed 
in the detector head. This signal ring electrode 190 
collects amplified low energy secondary electrons ema- 
nating from the surface of the sample. The immediate 
electron detector 192 is positioned radially outwardly 
of the inner electron detector 190 and is formed of a first 
plurality of concentric split generally flat arc segments, 
such as 192* and- 1926. The intermediate electron detec- 
tor collects predominantly an amplified mix of higher 
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energy secondary and backscattered electron signals 
emanating from the surface of the specimen. The rela- 
tive strength of the signals in the mix depends on the 
parameters of pressure, specimen distance and electrode 
bias used. The outer electron detector 194 is positioned 
radially outwardly of the intermediate electron detector 
192 and is formed of a second plurality of concentric 
split generally flat arc segments 194a and 194£>. The 
outer electron detector 194 collects amplified low an- 
gled backscattered reflected signals which show the 
topography of the sample. 

As is shown in FIG. 22, in order to provide a broader 
spectrum of imaging capabilities, such as topography, 
the concentric arc segments 192c and 1926 of intermedi- 
ate annular electron detector 192 and the concentric arc 
segments 194a and 194b of outer electron detector 194 
are preferably in a generally normal orientation with 
one another. By electronically subtracting the output of 
one half of the arc segments from the output of the 
other half, topographic shading by Z-contrast suppres- 
sion can be effected in a manner usually associated with 
typical backscattered electron detectors. 

Electric conductors are also embedded in the printed 
circuit board such that the support structure is electri- 
cally insulated so that the various signals are not inter- 25 
connected. As is shown in FIG. 22, electrically conduc- 
tive tracks 196, 198, 200\ 202 and 204 carry the signals 
received by the collection electrodes 190, 192 and 194 
to respective edge connectors such as 206, 208, 210, 212 
and 214. In the preferred embodiment, track 200 is con- 30 
nected to the signal ring electrode 190. Tracks 198 and 
204 are respectively connected to concentric arc seg- 
ments 192a and 1926 of the intermediate electron detec- 
tor 192. Tracks 196 and 202 are connected to concentric 
arc segments 194a and 1946 of the outer electron detec- 35 
tor 194. 

As is shown in FIG. 23, secondary electron signals 
216 emanating from the surface of the sample 217 im- 
pinge upon the signal ring electrode 190 wherein the 
high angle reflected electrons 220 impinge upon either 40 
concentric arc segment 192a or 1926 of the intermediate 
electron detector. The low angle reflected electrons 220 
will impinge upon the concentric arc segments 194a and 
1946 of the outer electron detector 194. 

Electrode detector assemblies, such as 130 (FIG. 15) 45 
and 184 (FIG. 22), are mechanically supported in the 
environmental scanning electron microscope as shown 
in FIGS. 24 through 26 of this application. As afore- 
mentioned, the vacuum sealing ring 168 extends up- 
wardly from the printed circuit board and is matingly 50 
engaged with the body connector or aperture carrier 
172 to provide a gas tight seal and to properly position 
the pressure limiting aperture 144. The end of the 
printed circuit board 230 remote from the signal head is 
snap-fit into a printed circuit board connector, such as 55 
232, provided in the specimen chamber 170. In the 
printed circuit board connector 232, the edge connec- 
tors such as 156, 158, 160 or 162 (FIG. 16) or 206, 208, 
210, 212 and 214 (FIG. 22), are connected to suitable 
connections which carry the signals to amplifiers (not 60 
shown) for amplifying information received by the col- 
lection electrodes. The printed circuit board connector 
232 is supported from lens 174 and connected through 
specimen chamber 170 by cable connections 234 and 
236. In order to retain the vacuum characteristics of the 65 
specimen chamber, a vacuum sealing connector 238 is 
also provided between the connection cables 234 and 
236. Thus, in this manner, sealing ring 171 and PCB 


connector 232 both cooperate to mechanically support 
the printed circuit board in its desired orientation within 
the environment scanning electron microscope. 

The removal of the printed circuit board detector 
from the environmental scanning electron microscope 
is shown in FIGS. 25 and 26. In FIG. 25, the printed 
circuit board 132 is initially swung in the direction of 
arrow a such that the vacuum sealing ring 171 is disen- 
gaged from the lower extending flange 180 of the body 
detector or aperture carrier 172. The printed circuit 
board 132 is then unsnapped from the printed circuit 
connector 232 to release the printed circuit board there- 
from such that the printed circuit board can be moved 
in the direction of arrow b and removed from the envi- 
ronmental scanning electron microscope. As a result 
thereof, the pressure limiting aperture is easily inter- 
changeable for different sizes and the cost of manufac- 
turing the pressure limiting aperture/electrode struc- 
ture is low enough that the user can be provided with 
more than one assembly with different sized pressure 
limiting apertures. 

FIGS. 27 and 28 specifically illustrate the clearance 
space for high voltage isolation provided by the printed 
circuit board detector of the present application. As the 
result of the mating configuration of the printed circuit 
board 132 and the body detector 180, a clearance space 
is provided (see height c and length d in FIG. 27) for 
high voltage isolation. This voltage isolation is also 
reflected in FIG. 28 and is designated as reference nu- 
meral 240. The inverted portion 146 and copper ring 
171 are biased at high voltage, and the detector body 
180 is biased at approximately zero volts. 

As a result of the materials employed in this electrode 
detector assembly, outgassing is minimized in the vac- 
uum environment, the electrode structure is resistant to 
high temperatures for hot experiments and is mechani- 
cally stable, and any metal surfaces are resistant to the 
gas environments used in the environmental scanning 
electron microscope. Moreover, the printed circuit 
board can be machined extremely accurately and uti- 
lized at elevated temperatures. 

Further, in the preferred embodiment, the printed 
circuit board is formed primarily of fiberglass and ep- 
oxy. However, the fiberglass and epoxy could be re- 
placed by a multi-layered ceramic substrate. 

As a result of the design of this electrode detector 
assembly of the present invention, a relatively inexpen- 
sive printed circuit board construction is utilized, the 
electrodes are supported mechanically, buried tracks 
are provided for signal collection, no insulator is ex- 
posed to the primary electron beam, the support struc- 
ture is robust to minimize damage caused by hitting it 
with the sample, the structure is easily cleanable, and 
inexpensive to replace. 

Although the invention has been particularly shown 
and described with reference to certain preferred em- 
bodiments, it will be readily appreciated by those of 
ordinary skill in the art that various changes and modifi- 
cations may be made therein without departing from 
the spirit and scope of the invention. It is intended that 
the appended claims be interpreted as including the 
foregoing as well as various other such changes and 
modifications. 

What is claimed is: 

1. An electron detector for an environmental scan- 
ning electron microscope comprising a printed circuit 
board including a detector head having collection elec- 
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trode means thereon for collecting signals emanating 
from a specimen to be examined. 

2. The electron detector of claim 1 wherein said de- 
tector head includes a signal ring electrode biased to 
collect secondary electrons emanating from the surface * 
of the specimen. 

3. The electron detector of claim 1 wherein said de- 
tector head includes a biased electrode pad to reduce 
signals emanating from baclcscattered and low angle 
reflected electrons emanating from the surface of the 10 
specimen. 

4. The electron detector of claim 1 wherein said 
printed circuit board includes insulation means to pre- 
vent electrical leakage between electrodes of said col- 
lection electrode means. 15 

5. The electron detector of claim 4 wherein said insu- 
lation means includes electrical conductive means em- 
bedded in the printed circuit board to carry the signals 
received by said collection electrode means to edge 
connector means. 20 

6. The electron detector of claim 5 wherein said elec- 
trical conductive means includes a plurality of electri- 
cally conductive tracks. 

7. The electron detector of claim 6 wherein said elec- 
trically conductive tracks have an exposed portion 25 
which is electroplated with gold. 

8. The electron detector of claim 5 wherein said edge 
connector means carries the signals to amplifier means 
for amplifying information received by the collection 
electrode means. 30 

9 The electron detector of claim 1 and further includ- 
ing electrostatic screening means to reduce pickup of 
electronic noise. 

10. The electron detector of claim 1 wherein said 
prated circuit board is formed primarily of fiberglass 35 
and epoxy. 

11. An electron detector for an environmental scan- 
ning electron microscope wherein an electron beam 
impinges upon a specimen to be examined which is 
supported in a specimen chamber, said electron detector 40 
comprising a printed circuit board having: 

(a) a detector head having collection electrode means 
thereon for collecting signals emanating from the 
specimen; 

(b) insulating means to prevent electrical leakage 45 
between electrodes of said collection electrode 
means; 

(c) electrostatic screening means to reduce pickup of 
electronic noise; and 

(d) support means for supporting said printed circuit 50 
board within the environmental scanning electron 
microscope. 

12. The electron detector of claim 11 and further 
including noise collection means to collect a signal for 
electronic subtraction from noise interference pickup 55 
with the signal. 

13. The electron detector of claim 11 wherein said 
detector head includes a pressure limiting aperture inte- 
grally formed therein to permit the electron beam to 
pass therethrough. 60 

14. The electron detector of claim 11 wherein said 
detector head includes means for detecting secondary 
electron signals emanating from the surface of the speci- 
men and means for reducing signals emanating from 
backscattered and low angle reflected electrons. 65 

15. The electron detector of claim 14 wherein said 
means for detecting secondary electron signals is a bi- 
ased signal ring electrode. 
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16. The electron detector of claim 14 wherein said 
means for reducing signals emanating from backscat- 
tered and low angle reflected electrons includes a biased 
electrode pad. 

17. The electron detector of claim 14 wherein said 
insulation means includes electrical conductive means 
embedded in the printed circuit board to carry the sig- 
nals received by said collection electrode means to edge 
connector means. 

18. The electron detector of claim 17 wherein said 
electrical conductive means includes a plurality of elec- 
trically conductive tracks. 

19. The electron detector of claim 18 wherein at least 
one of said electrically conductive tracks is connected 
to said means for detecting secondary electron signals. 

.20. The electron detector of claim 18 wherein at least 
one of said electrically conductive tracks is connected 
to said means for reducing signals emanating from back- 
scattered and low angle reflected electrons. 

21. The electron detector of claim 18 wherein at least 
one of said electrically conductive tracks provides 
means for pickup of electrical noise for cancellation 
purposes. 

22. The electron detector of claim 18 wherein at least 
one of said electrically conductive tracks is a ground 
connection, 

23. The electron detector of claim 11 wherein said 
detector head includes a generally annular electrode 
assembly having an inner electron detector formed of a 
signal ring electrode, an intermediate electron detector 
positioned radially outwardly of said inner electron 
detector and being formed of a first plurality of concen- 
tric arc segments, and an outer electron detector posi- 
tioned radially outwardly of said intermediate electron 
detector and being formed of a second plurality of con- 
centric arc segments. 

24. The electron detector of claim 23 wherein said 
signal ring electrode collects predominantly amplified 
lower energy secondary electrons emanating from the 
surface of the specimen. 

25. The electron detector of claim 23 wherein said 
first plurality of concentric arc segments of said inter- 
mediate electron detector collects predominantly am- 
plified higher energy backscattered electron signals. 

26. The electron detector of claim 23 wherein said 
second plurality of concentric arc segments collect 
predominantly amplified low angle backscattered re- 
flected signals. 

27. The electron detector of claim 23 wherein said 
First plurality of concentric arc segments is positioned 
generally normal to said second plurality of concentric 
arc segments to obtain a directional topography con- 
trast. 

28. The electron detector of claim 23 wherein said 
insulating means includes electrical conductive means 
embedded in said printed circuit board to carry the 
signals received by said collection, electrode means to 
edge connector means. 

29. The electrode detector of claim 28 wherein said 
electrical conductive means includes electrically con- 
ductive tracks. 

30. The electron detector of claim 29 wherein at least 
one of said electrically conductive tracks is connected 
to said signal ring electrode. 

31. The electron detector of claim 29 wherein at least 
one of said electrically conductive tracks is connected 
to said first plurality of concentric arc segments. 
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arc: segments collects predominantly amplified low 
angle backscattered reflected signals. 

58. The environmental scanning electron microscope 
of claim 54 wherein said first plurality of concentric arc 
segments are positioned generally normal to said second 
plurality of concentric arc segments to obtain a direc- 
tional topographic contrast. 

59. The environmental scanning electron microscope 
of claim 54- wherein said insulating means includes elec- 
trical conductive means embedded in the printed circuit 
board to carry the signals received by said collection 
electrode means to edge connector means. 

60. The environmental scanning electron microscope 
of claim 59 wherein said electrical conductive means 
includes electrically conductive tracks. 

61. The environmental scanning electron microscope 
of claim 60 wherein at least one of said electrically 
conductive tracks is connected to said signal ring elec- 
trode. 

62. The environmental scanning electron microscope 
of claim 60 wherein at least one of said electrically 
conductive tracks is connected to said first plurality of 
concentric arc segments. 

63. The environmental scanning electron microscope 
of claim 60 wherein at least one of said electrically 
conductive tracks is connected to said second plurality 
of concentric arc segments. 

64. The environmental scanning electron microscope 
of claim 43 and further including an objective lens as- 
sembly having a central opening through which the 
electron beam passes and an aperture carrier being re- 
leasable secured within the central opening of the as- 
sembly. 

65. The environmental scanning electron microscope 
of claim 64 wherein said support means includes a vac- 
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uum sealing ring extending from said printed circuit 
board, said vacuum sealing ring being matingly engaged 
with said aperture carrier to provide a gas tight seal 
between said objective lens assembly and said specimen 
5 chamber and to properly position said printed circuit 
board in the environmental scanning electron micro- 
scope. 

66. The environmental scanning electron microscope 
of claim 43 wherein a printed circuit board connector is 

10 provided in said specimen chamber to receive an end of 
said printed circuit board remote from said detector 
head to retain said printed circuit board in its proper 
position within the environmental scanning electron 

i5 microscope; said printed circuit board being snap-fit 
into said printed circuit board connector to provide 
easy removal of said printed board from the environ- 
mental scanning electron microscope. 

67. An environmental scanning electron microscope 
2 q comprising: 

(a) means for generating and directing an electron 
beam toward a specimen; 

(b) a specimen chamber which maintains the speci- 
men enveloped in a gaseous environment; and 

25 (c) a detector assembly formed of a printed circuit 
board having a detector head for collecting sec- 
ondary electrons emanating from the surface of the 
sample and a final pressure limiting aperture 
formed integrally thereon. 
30 68. The environmental scanning electron microscope 
of claim 67 and further including means for reducing 
signals emanating from backscattered and low angle 
reflected electrons formed integrally on said printed 
circuit board. 
35 ***** 


40 


45 


50 


60 


65 


09/16/2003, EAST Version: 1.04.0000 


